Background and Purpose-Surgical management of space-occupying cerebellar infarction is still controversial. Data on long-term outcome are lacking. The objective of this study was (1) to evaluate outcome after at least 3 years poststroke in patients with space-occupying cerebellar infarction treated by ventriculostomy/extraventricular drainage (EVD) or suboccipital decompressive craniectomy (SDC), or both, and (2) to determine predicting factors for outcome. Methods-In this retrospective single-center study 56 consecutive patients with acute space-occupying cerebellar infarction treated surgically between 1996 and 2005 were included. Baseline data included clinical findings, Glasgow Coma Scale on admission and before surgery, NIHSS on admission, mass effects on neuroimaging, and surgical treatment strategies. Modified Rankin Scale, NIHSS, and Scale for the Assessment and Rating of Ataxia were used to assess outcome. Results-39.3% of patients had died, 51.8% had a mRS Յ3, 35.7% had a mRS Յ2, 28.6% had a mRS Յ1. There were no significant differences in survival between treatment groups. In multivariate analysis age and mRS score at discharge were the most evident independent predictors for outcome. Conclusions-So far this is the largest study on long-term outcome after space-occupying cerebellar infarction. The value of different treatment strategies and prognostic factors for patient selection remain unclear and should be evaluated in larger prospective case-series or registries. To investigate the issue of preventive SDC randomized trials are needed. (Stroke. 2009;40:00-00.)
S
pace-occupying edema is a common complication in up to 17% to 54% of patients with cerebellar infarction, and may cause life-threatening deterioration by (1) obstructive hydrocephalus attributable to the blockage of the 4th ventricle, (2) direct compression of the midbrain and pons, (3) upward herniation of the superior vermis cerebelli through the tentorial notch, and (4) downward herniation of the cerebellar tonsils through the foramen magnum. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] In contrast to decompressive surgery in space-occupying supratentorial infarction, surgical intervention in large cerebellar stroke is far less controversial. It is widely accepted among neurosurgeons and neurologists that surgical treatment including ventriculostomy, decompressive surgery of the posterior fossa with or without resection of infarcted tissue, or a combination of both is the treatment of choice. 16 Most neurosurgeons and neurologists agree that when the procedure is life-saving, clinical outcomes are usually good. 5, 12, 13 However, there are neither randomized controlled trials providing evidence for any of the surgical treatment concepts or comparing different treatment approaches nor data on long-term outcome in these patients. In this study we investigated clinical long-term outcome in patients with spaceoccupying cerebellar infarction who have been treated surgically at our intensive care units between 1996 and 2005, with at least 3 years of follow-up. Furthermore, we aimed to identify predicting factors for functional outcome.
Patients and Methods

Patient Selection and Data Collection
In this retrospective study we included all consecutive patients at our neurological and neurosurgical intensive care units between 1996 and 2005, with CT-or MRI-documented space-occupying cerebellar infarction, who were treated surgically, either by EVD or suboccipital decompressive craniectomy (SDC; with or without strokeectomy, resection of the atlantic arch, or both), and with symptom onset of at least 3 years before follow-up. Space-occupying cerebellar infarction was defined as a score of at least 4 on the scoring system of Jauss et al. This score ranges from 0 to 9 and is composed of 3 items: compression of the fourth ventricle (0 -3), compression of the quadrigeminal cistern (0 -3), and dilatation of the inferior horn of the lateral ventricle (0 -3). A score of 0 to 3 indicates no or slight, 4 to 6 moderate, and 7 to 9 severe mass effect. 17 Patients were excluded if basilar artery occlusion was present identified by MR angiography, CT angiography, or transcranial Doppler, the score of Jauss et al was Ͻ4 indicating that there was no severe spaceoccupying edema, or the event was after October 2005. Baseline data included age, gender, and time of symptom onset. The following data were collected from the patient charts, surgical protocols, and CT/MRI scans: time of admission, time from symptom onset to surgery, Glasgow Coma Scale (GCS) score on admission and before surgery, National Institute of Health Stroke Scale (NIHSS) score on admission and at discharge, involvement of cranial nerves before surgery (with special attention paid to 6th, 7th, and lower cranial nerve involvement), duration of surgical procedure, length of hospital stay (excluding time in rehabilitation), bedding at surgery (prone, semiprone, or back position), resection of atlantic arch, and type of duraplasty. Mass effect on latest CT or MRI imaging before surgical intervention was rated according to the scale by Jauss et al. Clinical outcome data included GCS, NIHSS, and mRS scores at discharge, time of survival, dependency on ventricular shunting, and time to follow-up. Functional long-term outcome was evaluated by one single investigator using mRS, Barthel Index (BI), NIHSS, and Scale for the Assessment and Rating of Ataxia (SARA). 18 For further analysis mRS was dichotomized between 0 to 1 versus 2 to death (favorable versus unfavorable outcome), 0 to 2 versus 3 to death (independent versus dependent outcome/death), or 0 to 3 versus 4 to death (mild to moderate disability versus severe disability or death). Informed consent was obtained from all patients or their next of kin.
Treatment Procedures
All patients were treated uniformly on our neurological or neurosurgical intensive care units, according to a standard clinical pathway consistent with the recommendations of the European Stroke Initiative at a time. 19, 20 All surgical procedures were performed in the OR.
EVD
To control intracranial pressure and to drain CSF, a ventricular drainage was installed in 85.7% (nϭ48) of our patients. Therefore, a burr hole craniotomy was performed at the Kocher point to avoid the motor strip 1 to 2 cm anterior to coronal suture and 3 cm lateral to midline. For ventriculostomy, after incision of the dura, a catheter was inserted perpendicular to the brain surface to a depth of 5 to 6 cm. Thereby, a sufficient CSF drainage could be achieved in all of these patients.
SDC
CSF drainage as a single therapy was performed in 16.1% (nϭ9) of patients, only. The majority of cases (83.9%, nϭ47) were treated by decompression of the inferior fossa. These patients were operated in prone (51.1%, nϭ24) or semiprone (park-bench; 48.9%, nϭ23) position. After vertical midline skin incision from the protuberantia 
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occipitalis to the upper cervical spin, skin and subcutaneous tissue were separated from the underlying fascia that was cut through laterally to the processi spinosi of the upper cervical spine. Muscles were disconnected from the processi spinosi and from the occiput and were retracted laterally. To decompress the cerebellar hemispheres, osteoclastic craniotomy was performed beneath the sinus transversus (in 16.1% bilateral). After accomplishing several burr holes they were connected to one osteoclastic craniotomy that was enlarged laterally. Great attention was paid to open the Foramen magnum sufficiently to decompress the cerebellar tonsills. Thus, in 74.5% of these patients (nϭ35), a resection of the atlantic arch was performed by laminectomy, additionally. There was no injury of the vertebral artery observed in any patient. Finally, to maximize the decompressive effect, in all of these patients the dura mater was opened (Y-shaped) above the cerebellum and the medulla oblongata. Afterwards a duraplasty was sewed by the use of primarily prepared galea strip or artificial dura. Because of large strokes combined with significant brain swelling in more than half of these patients (53.2%; nϭ25), strokeectomy was performed. Thereby the necrotic tissue was resected by suction without inducing major bleedings in any patient.
Statistical Analysis
All analyses were performed using the SPSS 13.0 software package (SPSS Inc). Kolmogorov-Smirnov and Shapiro-Wilk tests were used to determine distribution of the data. Data are expressed as median and range and were compared by nonparametric tests because of deviation from normality in all instances. To assess correlations between baseline variables, the Pearson Correlation was used for continuous variables, Spearman rho was used for categorized variables. Pearson 2 and Fisher exact tests were used to assess associations between categorized variables. Mann-Whitney U test and Wilcoxon test were used to determine intergroup differences between continuous variables. A value of PՅ0.05 was considered statistically significant. Multivariate regression analysis (backward method, logistic regression) was used to analyze independent predicting factors for survival and dichotomized functional outcome parameters. In the case of survival, mRS Յ1 and Յ2 exploratory analysis was done, because of the low number of end points in 1 of the 2 categories.
Results
Baseline Characteristics, Clinical and Neuroimaging Findings, and Surgical Treatment
Between 1996 and 2005, 326 patients with ischemic cerebellar stroke were treated at our institutions. Of those a total of 56 patients were identified suffering from space-occupying cerebellar stroke, fulfilling all inclusion criteria, and being treated surgically, 37 (66.1%) men, and 19 (33.9%) women, median age 60 years (mean 57.7). Demographic and baseline characteristics and clinical data are given in Table 1 .
Nine patients were treated by EVD alone (16.1%). Of 47 patients, who were treated by SDC, 25 were treated by additional strokeectomy, and 39 received additional EVD. Age, gender, NIHSS, and GCS score at admission did not differ between treatment groups (Table 1) . However, there were some imbalances: Patients who were treated by SDC plus EVD showed increased mass effect on neuroimaging and lower GCS scores before surgery compared to those treated by EVD alone and increased mass effect compared to those treated by SDC alone.
Long-Term Survival and Functional Outcome
Median time to follow-up was 8 years, 2.5 months (range 3 years, 5 months to 11 years, 11 months) with no differences between treatment groups. Overall survival rate at follow-up was 60.7%. 44.1% and 55.8% of survivors showed a favorable and independent outcome, respectively (28.6% and 35.7% of all patients, respectively). Treatment groups did not differ concerning survival, GCS, and mRS scores at discharge (Table 2) . However, patients who were treated by SDC plus EVD showed increased NIHSS scores at discharge compared to patients treated by EVD alone. There were no significant differences in long-term survival (Figure 1 ), survival time in those patients who died, and functional outcomes according to mRS (Figure 2) or BI between the treatment groups. However, patients treated with SDC showed increased NIHSS and SARA scores at follow-up compared to those treated with EVD alone (Table 2) .
Predicting Factors for Long-Term Functional Outcome
In univariate analyses, improved long-term survival was associated with absence of involvement of cranial nerves, decreased neuroradiological mass effect before surgery, a shorter time to discharge, increased GCS, decreased NIHSS, and decreased mRS scores at discharge (Table 3) .
Improved long-term functional outcome according to mRS, including patients who died, was associated with decreased age, absence of involvement of cranial nerves, increased GCS score before surgery and at discharge, and decreased neuroradiological mass effect, NIHSS, and mRS scores at discharge. If mRS was dichotomized between 0 to 1 versus 2 to death (Յ1), 0 to 2 versus 3 to death (Յ2), or 0 to 3 versus 4 to death (Յ3), in addition, increased GCS score on admission was associated with improved functional outcome in these patients (Table 3) .
Improved long-term functional outcome in survivors only, according to BI, NIHSS, and SARA scores was associated with age, GCS score before surgery, neuroradiological mass effect, decompressive surgery, duration of surgery, resection of the atlantic arch, and mRS and NIHSS scores at discharge. No associations with baseline values or treatment strategies could be detected for long-term dependency on ventricular shunting (Table 3) .
There were various associations between the investigated baseline variables and treatment factors. Therefore, we applied multivariate logistic regression analyses to determine independent predicting factors for survival and long-term functional outcome, taking into account all associations between the investigated factors. For long-term survival and mRS dichotomizations Յ1 and Յ2 only exploratory analyses were possible because of low numbers of outcomes in one category, respectively: Age and mRS score at discharge could be identified as independent predictors for functional outcome mRS dichotomizations Յ3. In exploratory analyses for mRS Յ2 only mRS score at discharge, for mRS Յ2 only age and for survival age, NIHSS score at admission, GCS score at admission, and age remained as independent predictors (Table 4) .
Discussion
Space-occupying edema formation is a most feared complication in cerebellar stroke. 10, 11, 13, 14 The tight posterior fossa provides only small space for compensation of mass effect and life-threatening brain stem compression may develop rapidly. However, the time point to start treatment, which factors should trigger intervention, and the treatment of choice are still controversial.
Many authors agree that alert and clinically stable patients should be treated conservatively and monitored closely. 13, 21 However, clinical warning signs of severe edema formation such as progressive deterioration of consciousness and brain stem signs may occur late when the patient is already regarded stable: they are usually evident between day 2 and 4, but with a wide variety of 0 to 9 days. In addition, they are unspecific and therefore often misinterpreted in these patients. 1, 12 Furthermore, it is difficult to distinguish clinical signs of brain stem compression, which may be reversible, from irreversible brain stem infarction. Cranial nerve lesions are found in up to 74% of patients with cerebellar infarcts. 11 Some authors believe that deterioration of consciousness is the strongest predictor for dangerous space-occupation and should be used for decision making. 22 However, it is a 
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common finding in about 34% of patients with cerebellar infarction and may have various causes others than mass effect. 7 In addition, if it occurs because of mass effect, it usually rapidly progresses to coma, most often within less than 24 hours. 1 Other authors believe that it is highly dangerous to base the decision to proceed to surgical intervention on clinical signs only because of their unspecificity and recommend repeated neuroimaging. 23 Neuroimaging is nowadays widely available to detect severe edema formation early enough before ascending (transtentorial) or descending (transforaminal) herniation occurs. 9,24 -26 However, CT signs predicting deterioration and therefore triggering timely surgical treatment are controversial. 27 Although hydrocephalus, brain stem deformity, and basal cistern compression on CT or MRI seem to correlate with clinical deterioration, infarct volume and territorial distribution of infarcts are not different in patients who deteriorate and those who remain stable. 28 In our case series neuroradiological mass effect was indeed a strong predictor for long-term outcome, but also showed close interactions with various clinical parameters, and in multivariate analysis neither functional outcome nor survival was independently predicted by neuroradiological mass effect.
Because the value of clinical signs and neuroradiological parameters is uncertain or may be detected too late, some authors recommend preventive intervention, before signs of severe brain stem compression or hydrocephalus are present clinically or visible on CT or MRI. 22, 24, 27 They argue that the risk of EVD or craniectomy is fairly small, and patients undergoing surgical intervention as an approach preceding hydrocephalus or brain stem compression tend to recover better than those undergoing emergency treatment after deterioration. 12 In our case series state of consciousness according to GCS scores on admission and before surgery, neurological status according to NIHSS score, and involvement of cranial nerves were all strong predictors for long-term outcome, but again also showed close interactions. In multivariate analysis none of these parameters was independently predictive for functional outcome (mRS Յ3).
As for the treatment of choice, some authors recommend ventriculostomy as first choice and consider decompressive surgery only when there is further clinical deterioration. 13, 29 The rationale is that deterioration of consciousness in most patients with space-occupying cerebellar stroke is primarily attributable to obstructive hydrocephalus. 11, 13 Other authors, however, consider ventriculostomy alone as dangerous in these patients, first because of the risk to induce upward herniation (whereas others consider this risk as overestimated) and second because it does not undo brain stem compression, especially when mass effect is still increasing. 1, 6, 9, 13, 22, 30, 31 These authors favor suboccipital decompression as first choice treatment, some with additional resection of infarcted tissue. 13 Some of these authors consider suboccipital decompression alone as sufficient in most cases to resolve mass effect and all its complications, including hydrocephalus, whereas others recommend additional ventriculostomy necessary when occlusive hydrocephalus is present. 7, 21, 32, 33 Patients treated with EVD alone in our case series showed better clinical outcomes according to NIHSS and SARA than those treated by SDC. This is clearly explained by selection bias because of the fact that these patients were less severely affected as indicated by higher GCS scores before surgery and decreased mass effect compared to patients treated by SDC.
The German-Austrian Cerebellar Infarction Study including 84 patients is the only prospective study in spaceoccupying cerebellar infarction. In this study level of consciousness after clinical deterioration was the strongest predictor of poor outcome: those patients who were awake/ drowsy or somnolent/stuporous had a good functional outcome (mRS Յ2) in 86% or 76%, respectively, but also 47% of patients who were comatose before surgery. The study was not randomized, and there was clear selection bias indicated by remarkable imbalances between the treatment groups: mass effect on CT, lower cranial nerve involvement, and decreased level of consciousness were far more common in surgically than in medically treated patients. In addition, 22.2% of patients initially treated by ventriculostomy required decompressive surgery due to further deterioration. 2, 12 All available case series in the literature today suffer this same and several other limitations, including retrospective data collection, lack of control group, single-or oligo-center experience, and a limited patient cohort. Our report is no exception: patients with increased neuroradiological mass effect or decreased GCS scores on admission or before surgery are more likely to be treated by decompressive surgery, additional EVD, or strokeectomy.
Nevertheless, in contrast to space-occupying supratentorial infarcts, surgical intervention as a life-saving procedure in space-occupying cerebellar stroke is far less controversial. 4, 5, 24 It is generally argued that deterioration attributable to mass effect is reversible, and prognosis in survivors is good with the majority being independent, even in patients with 10, 12, 22 In contrast, our results indicate that more than 3 years after the event, fewer than 1/3 of patients show a favorable outcome, with almost 40% being dead. In addition, a considerable number of patients show moderate or severe neurological deficits. As in other studies on long-term outcome in stroke, age seems to be the most important independent predictor. Yet, although our institution's experience does question general favorable long-term outcome in surgically treated patients with space-occupying cerebellar infarcts, because of many limitations, especially selection bias, it should not withhold the hand of the surgeon from proceeding rapidly to EVD and SDC in patients with large cerebellar infarction, especially when there is no evidence of brain stem infarction. Nevertheless, in times of evidencebased treatment decisions the value of preventive SDC/EVD versus a "wait and see strategy" and the value of different surgical approaches such as SDC plus EVD versus SDC alone or SDC plus resection of necrotic tissue versus SDC alone should be evaluated in randomized trial designs. Furthermore, more data on long-term outcome should be acquired in larger prospective case series or registries.
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